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Water movement through soil

By R. A. Nulsen, Soil Research
and Survey Branch
Even good quality stock water
moving to the surface can cause a
salinity problem in only a few
years.
Simple calculations show that where
even only slightly salty water can
evaporate at the soil surface,
sufficient salt can accumulate to
cause a salinity problem within a
few years. This highlights the
importance of groundwater rise as
a major factor contributing to the
salinity problem. Observations of
water movement in West Australian
wheatbelt soils have shown
that most of the water moves
through well defined small
channels—"preferred pathways".
A small number of these pathways
can deliver a significant volume of
salty water to the soil surface.
Pressure gradient
Water moves in any system (house
plumbing, farm reticulation,
comprehensive water system, soil)
in response to a pressure difference
between the supply point and the
outlet. For flow to occur the
supply point must always be at a
higher pressure than the outlet.
The greater the pressure difference
and the less the resistance to flow
the greater the flow. So for a given
pressure difference there is greater
flow in a larger diameter pipe which
has less resistance to flow.

Fig. I.—Water spurting from side of pit in saltland near Gutha.
The water is
emerging 1.65 metres below the surface at nearly 9 litres per hour, and contains
46 500 mgll total dissolved solids

Preferred pathways
In soils there are pathways of many
different sizes for water flow.
Large holes are left by decayed
roots, there are cracks between
lumps of soil and there are the
very fine pores between the soil
particles.
It is possible to calculate the
relative contribution of each of
these pathways to overall water
movement through the soil. In a
typical clayey subsoil a 2 mm
diameter channel will transport the
same quantity of water as 37 square
metres of the solid clay through
which water can move only in the
extremely fine pores. A 4 mm
diameter channel transports the
same quantity of water as nearly
600 square metres of clay.

Fig. 2.—Water

bubbling from an old root channel
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Such large channels or "preferred
pathways" can be readily seen in
most soils. They are usually either
cracks between clay clods, old root
channels, or worm holes. Even
rabbit burrows can be thought of as
preferred pathways for water flow.
Fig. 1 shows water spurting from
a small channel, 1.65 m below the
surface, in the side of a pit dug in
saltland near Gutha. The water
was coming out at nearly 9 litres
per hour. If this continued all
year, this one channel would
produce 79 kilolitres of water. The
water contained 46 500 milligrams
per litre dissolved salts, thus the
total salt transported by this one
channel in a year would be 3.6
tonnes.

hectare in the surface 10 cm. How
much water needs to evaporate to
cause this problem?
Ground water salinity throughout
the wheatbelt is very variable.
Total dissolved solids (TDS)
concentrations vary from a few
hundred milligrammes/litre (mg/1)
to over 100 000 mg/1. Sheep can
tolerate about 10 000 mg/1 and
cattle something like 7 000 mg/1.
Water with 2 500 mg/1 TDS is good
for stock.
Evaporation from a free water
surface in the wheatbelt ranges
from 1 800 to 2 500 mm/year. If
2 000 mm of water at 2 500 mg/1
TDS evaporated this would deposit

50 tones of salt per hectare at the
soil surface in one year.
Fortunately, because the soil
surface is dry for much of the year
the annual evaporation from the
soil surface is only about 2 per cent
of that from an open water surface.
Thus only about 1 tonne of salt is
deposited per hectare. At this rate
it would take four or five years
to build up enough salt to cause a
severe problem. If the leaching
affect of winter rains is also
considered, serious build up of salt
would take possibly 10 years. This
example therefore shows that even
good quality stock water can readily
cause a severe surface soil salinity
problem.

Fig. 2 shows water coming out of
a root channel. The old root
material is still clearly visible.
The soil surrounding the preferred
pathways often appears to be "dry"
as in Fig. 3 taken in a pit near
Wongan Hills. The soil is a tight
sandy clay and the very fine pores
between the clay particles and
between aggregates of clay particles
transport very little water compared
to the volume transported by the
preferred pathway.
Thus in country like this, even
though there is considerable water
flowing through the soil, if soil was
examined from a single auger hole
and it was dry, it could easily be
concluded that there was no
possibility of water actively flowing
through it.
Many soils in the South-West have
a very hard layer at depths ranging
from a few centimetres to several
metres. There are cracks and root
channels throughout these hard
layers and water under pressure
below the hard layer can therefore
flow through the layer. Once
through the hard layer the water
can rise to the surface by capillarity,
evaporate and thus cause a salt
problem.
Quantity and quality of water
A severe salt problem occurs when
there is more than 0.25 per cent
sodium chloride (NaCl) in the
surface 10 cm of soil. This is
equivalent to 4.5 tonnes NaCl per

Fig. 3.—Water bubbling from the bottom of a pit in saline land near Wongan
The soil material surrounding the channel "appears" to be dry

Hills.
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